To assess the influence of buccal corridor width on smile esthetics of male and female, Caucasian and Afro-descendant subjects by means of digitally manipulated photographs, as well as compare assessments of fullface view (FFV) and close-up view of the mouth (CUVM) images.
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InTRODuCTIOn
The smile is the most primitive form of human communication. It enhances facial beauty and plays a part in defining the qualities and virtues of one's personality. 1 Its impact, however, is not linked solely to the individual dental beauty. 2 A pleasant smile depends directly -above and beyond the appearance of teeth and gums -on conformity with the standards of structural beauty, the relationship between teeth and lips and their integration into the facial composition. 1 The smile characteristics regarded as the most important ones are: The smile arc, dental alignment, tooth color and shape, incisal edge regularity, amount of incisor and gum display, and buccal corridor. [3] [4] [5] The buccal corridor concept emerged during the 50's out of concern with ensuring natural looking dentures. 6, 7 This aspect of smile esthetics, also called lateral dark space, lateral negative space or "shadow tunnel," constitutes the existing dynamic space that appears, when a person smiles, between the labial surface of maxillary posterior teeth and the inner mucosa of the soft tissues that form the corners of the mouth and the cheeks. 1, 6, [8] [9] [10] This space arises from the dark background of the mouth, and depends on the shape and width of the upper dental arch and the facial muscles responsible for the breadth of the smile. 11 Although some information on the ideal buccal corridor size is available in the literature, most of it is based on clinical opinions, whereas the scientific studies that addressed this issue yielded controversial outcomes. 8, 10, [12] [13] [14] [15] [16] Several studies showed that broad smiles with narrower buccal corridors are seen as more attractive. 13, 14, 16 On the other hand, other authors noted that buccal corridor width does not affect how the smile is judged from an esthetic viewpoint. 8, 10, 12, 15 Likewise, according to Isiksal et al, 17 transverse characteristics seem to be of little significance in smile attractiveness. By the same token, some researchers argue that the lateral negative space influences smile esthetics only when it becomes excessively wide. 15 Other issues related to this debate can also be found in the literature: The possibility that culture can influence esthetic perception, and the differences in perception between different genders and ethnicities. To illustrate this point, articles that investigated the esthetic influence of the buccal corridor used Caucasian women's smiles, 8, 10, [12] [13] [14] [15] [16] thereby raising the question of whether these findings can be used to assess men's smiles and Afro-descendant individuals. Moreover, another issue relevant to the dispute is that esthetic preference for specific features may vary between individuals of different countries, 18 which calls into question the use of esthetic parameters in places where the research has not been conducted.
The lack of consensus between results found in the literature, 8, 10, [12] [13] [14] [15] [16] combined with the scarcity of data on the esthetic preference for male smiles and Afrodescendant individuals, and especially the absence of studies that reveal the esthetic preference of the Brazilian population demonstrates the need for further research in this area. Thus, the aim of this study was to assess the influence of buccal corridor width on smile esthetics of male and female, Caucasian and Afro-descendant subjects by means of digitally manipulated photographs, as well as to compare assessments of these photos in full-face view (FFV) and close-up view of the mouth (CUVM).
MATERIAL AnD METHODS
Eight photographs were selected from the image databank of the Orthodontic Department of the School of Dentistry, Bahia State Federal University. Four of these images depicted a full-face view (FFV) and the other four, a close-up view of the mouth (CUVM) of four adult individuals, i.e., two Caucasian -one from each gender -and two Afro-descendants, also from both genders. The ethnicity of these individuals was characterized using the classification parameters established by the Brazilian Institute of Geography and Statistics (IBGE) (São Paulo State Health Secretariat/ USP/FSP, IBGE, 2000). Images were selected for exhibiting adequate dental alignment, proper display of the upper incisors on smiling, coincidence of the upper and lower midlines with the facial midline, and no apparent facial asymmetry.
After selection, the images were digitally manipulated using Adobe Photoshop ® 9.0 software (Seattle, Washington, USA). In order to standardize and render more accurate the analysis and changes, dental inclinations and gingival contours were corrected in all original photographs, and a near golden ratio was obtained in one half of the smile. This digitally manipulated half of the face was duplicated in order to become completely symmetric. Nascimento DC, Santos ER, Machado AWL, Bittencourt MAV Thereafter, the buccal corridor was changed in order to produce three widths: Narrow, medium width and wide. To define these standards, the distance between the outer commissures of each smile was measured and a space between the outer commissure and the labial surface of the last viewed maxillary molar was established. On the narrow buccal corridor this space was defined at 6% of the distance between the outer commissures, with 3% for each side; on the medium width corridor, 16%, with 8% for each side; and on the wide corridor, 26%, 13% for each side. During this second phase of digital manipulation only the tooth positions and their gingival margins were changed. The three images depicting the narrow, medium width and wide buccal corridors, at the two different views, of the Caucasian female can be seen in Figures 1 and 2 .
Two photograph albums were organized with the three images of each individual on the same page. One album comprised images showing each individual's full face whilst in the other album, the images in closeup view. Each photograph was randomly laid out on the pages as was the sequence of photographs of each individual in the album.
In order to assess the 24 images, a group of 60 judges -30 orthodontists and 30 laypersons with graduate degrees in different areas -was deployed. Raters were made aware of study goals and signed a free and informed consent form. Along with the albums, each examiner received a form comprising eight rulers (visual analog scale), 10, 13, 19 one on each page, and were then requested to mark with a dot, identify the letter corresponding to the image, and rate each image according to their perceived attractiveness. Each judge was allowed to mark the dot anywhere on the ruler and place two or more letters at each dot, if necessary. The visual analog scale 24, 25, 26 was 10 cm long and had "VERY BAD" written on the left end and "VERY GOOD" at the opposite end. The center of the ruler was marked with a dash to give raters a perception of "average." The distance (in mm) between the rater's mark and the left end was measured with a Mitutoyo digital caliper, and served not only as a parameter for judging the attractiveness of each smile, but also constituted the actual rating assigned by each examiner.
The data were compiled and treated statistically. Kolmogorov-Smirnov test was employed to ascertain that the sample had a normal distribution. Next, after establishing sample normality, ANOVA and Tukey's post test were used to compare the different widths of the buccal corridor, while Student's t test was applied to compare the assessments made of FFV vs. CUVM images. A 95% significance level was adopted in all analyses. Tables 1 and 2 show the means and standard deviations of the level of attractiveness exerted by the different buccal corridor widths on the raters regarding the female and male smiles, respectively. In all cases, medium width buccal corridors were considered the most attractive ones (p < 0.05). When comparing narrow vs. wide corridors, statistically significant differences arose on occasion, with narrow corridors showing superiority in the Afro-descendant woman in both views (FFV and CVVM), and in the Afro-descendant man, in FFV assessments (p < 0.05). Table 3 shows unpaired Student's t test comparing assessments of full-face (FFV) images with close-up views of the mouth (CUVM). As can be seen, no statistically significant difference was found between these two types of assessment (p > 0.05).
RESuLTS
DISCuSSIOn
The impact of buccal corridor width on the smile's esthetic perception is still controversial. Parekh et al 5 argued that this feature does not contribute significantly to smile attractiveness. However, they included changes in the smile arc and lateral dark space in the same analysis. Johnson and Smith, 8 and Gianelly 12 compared the esthetics of the smile after treatment with and without extractions and found no differences. Roden-Johnson et al 10 and Ritter et al 15 corroborated these findings when reporting that buccal corridor does not influence the esthetic evaluation of smile photographs.
Unlike these findings and agreeing with Dunn et al, 20 the results of this study demonstrated that varying buccal corridor widths significantly affected smile attractiveness. This influence was not affected by gender, coinciding with the findings of Moore et al, 14 nor by ethnicity, as shown in Tables 1 and 2. By the same token, these findings support the study of Tedesco et al, 21 who found that ethnicity and gender do not interfere with the judgment of dentofacial attractiveness.
In all subject categories, the medium width buccal corridor -with a 16% distance between the outer commissures -was considered the most pleasant one. This result was similar to the one found by Gracco et al, 4 who detected a preference for an image with buccal corridor equivalent to 18.46% of the width of the smile, and disagreed with Moore et al, 14 who reported as more attractive a smile with a lateral negative space of 2%. Such difference may have occurred as a result of the fact that in the study by Moore et al, 20 the buccal corridor was measured based on inner commissures. Moreover, their method for changing the variable was different, i.e., the intercanine width was maintained while the number and width of the posterior teeth were modified.
A comparison between the narrow and wide buccal corridors after analyzing the four individuals studied showed greater predilection for the narrow buccal corridor in the Afro-descendant woman, in both views, and for FFV only in the Afro-descendant man. No other statistically significant difference was found between them. These findings disagrees with other studies in which broad smiles with narrow buccal corridors were considered more attractive. 4, 5, 14, 20 This divergence underscores the need for further studies involving esthetic parameters for Afro-descendant individuals, which was also noted by Suzuki et al. 22 The present study utilized full-face and close up smile photographs based on the assertion of Parekh et al. 5 that photographic images enable the evaluation of a given aspect or combination of elements which can be accurately and reliably modified at will. According to these authors, if a proper evaluation is to be achieved, images should be standardized by removing any elements that might distract an examiner's attention. For this reason, in all original photographs some corrections were made in order to adjust the smiles is such manner as to allow the individualization of the main variable studied, i.e., the buccal corridor.
In several studies, authors have compared photographs of smiles with different buccal corridor widths. 5, 10, 14, 15, 23 Some modified the same smile by adding or removing teeth, 5,10 changing the width of the teeth starting from the first maxillary premolars, 4 or changing the number and transverse width of posterior teeth. 14 Others compared smiles of different individuals whose lateral dark space shared no similarity, either by extracting premolars or otherwise. 15, 23 In this study the lateral dark space was changed by altering tooth position, starting from the upper canines, since, according to Frush and Fisher, 10 although the buccal corridor can only be viewed posteriorly to the canines, the position and inclination of these teeth control their size and shape. This is due to the fact that canines play a key role in shaping the dental arch, which can be attested to when mounting teeth in a complete denture.
This study also assessed manipulated images in two views: Full-face view (FFV) and close-up view of the mouth (CUVM). The results showed no statistically significant difference between the two views (p>0.05). These findings corroborate the literature, 22, 25 showing that for the evaluation of the esthetic influence of different buccal corridor dimension, that both views, i.e., full-face view, including nose, hair, eyes, face features, etc., and close-up view, highlighting only the smile, afford the same level of perception. Likewise, Gracco et al, 6 suggest that in assessing smile esthetics through photographs it would be advisable to employ images that exhibit subjects' lips only so as to keep the focus on the smile itself and avoid distractions from other facial features. Moreover, authors argue that the esthetic impact made by showing the teeth is reduced in FFV, thus recommending the use of full-face photos to assess smile esthetics. 26 This study made use of a visual analog scale which allowed fast and straightforward measurements to be taken while streamlining and clarifying the process for the raters. This scale recently gained in popularity to measure subtle differences in dental and facial attractiveness. 10, 13, 19 Maple et al 19 stated that grading with a continuous variable enables greater freedom in data analysis, averting bias related to preferred values, as is the case in the scale of numeric intervals.
In the past, studying smile esthetics was a more complex task since it was difficult to standardize actual models and to change the variables of interest. More recently, however, given the ability to digitally manipulate images of the same subject, changing the region of the buccal corridor and having the images assessed is a methodology that has been applied by some researchers. 4, 5, 10, 14 It is, however, essential to bear in mind that this methodology uses artificial images and should therefore not be used as a single parameter for all patients. The findings of these studies are but guidelines, and should be applied with caution, taking into account, in particular, the individual characteristics of each patient and their esthetic expectations.
COnCLuSIOnS
According to the data analyzed in this study, the smiles considered most attractive were those with medium width buccal corridor. Furthermore, it was found that, in general, there was no statistically significant difference between the narrow and wide buccal corridor. In addition, analysis of the smiling images revealed no statistical differences between FFV vs. CUVM images.
